Economic and population growth, higher life quality standards, and lower interest rates have led to an increase in the demand for housing. However, in many urban areas, land for housing is becoming scarce, and environmental and construction requirements more stringent.
Introduction
The (family) house is a very important issue related to the safety, autonomy and comfort of people. Being also related to the social status, its possession could constrain or facilitate the access to other essential aspects of modern life such as education, health, leisure, etc. [22] .
The economic growth and population concentration in urban centres, the changes of habits, new wellbeing requirements and lower interest rates have led to an increase in the demand for housing in urban areas.
In Portugal, despite the lower income per capita compared with other European countries, the percentage of house owners is surprisingly high (see Table 1 ) and the house value is equivalent to several years of family income. For an average qualified worker, the house represents 70% to 80% of his/her patrimony [10] . Moreover, to illustrate how important the house is in the families patrimony in Portugal, there are 135 houses for each 100 families [18] . However, buying a house is usually a decision taken using less detailed information than buying a car. This is justified by the lack of multidimensional and specialised knowledge that should be involved in house evaluation.
Simultaneously, the available space to build new housing is getting scarcer and urban environmental conditions are degrading. As a result of these conditions people are demanding a superior quality for housing. Therefore, there is a growing need for more scientifically sound methods for performing a systematic housing evaluation, capable of dealing with multiple, conflicting and incommensurable aspects both of qualitative and quantitative nature, as well as responding to the concerns of different stakeholders (developers, consumers, government agencies, municipalities, etc.).
Methodologies for housing evaluation are used in several European countries [14] , such as Qualitel in France [2, 3] , SEL in Switzerland [27, 32] , HQI in UK [16] . However, these methodologies either address just a small fraction of the criteria universe that should be considered for making well informed decisions or use very simplified techniques for the evaluation. Moreover, they were conceived for quality evaluation purposes only. Some research work have been carried out in Portugal based on the two first methods mentioned above, and a new method for quality evaluation of buildings was proposed by Costa [14] . However these methodologies are neither broadly divulged nor used by experts and consumers in general.
These problems inherently involve multiple, conflicting, and incommensurate aspects of evaluation of the merit of the different alternatives depending on the context of the study (value or quality assessment, prioritising interventions, etc.) and the stakeholders involved (consumers, promoters, government or municipal agencies, etc.). Therefore, models for decision support become more representative of the actual decision context if the distinct evaluation aspects are explicitly taken into account. Multiple criteria models enable to capture the diversity of evaluation aspects, providing decision makers and/or planning bodies a better perception of the conflicting aspects under evaluation and the nature of the trade-offs to be made.
Given the diversity and complexity of the factors that influence this type of evaluation, and the volume of information involved, decision support systems (DSS) are an essential tool for the study of this type of problems by integrating the efficiency and the ease of information processing of information systems with formal models for providing decision support.
In this paper, we present a DSS, which can assist several stakeholders (corresponding to distinct user profiles and expected results) in the housing market to make better-founded decisions. These user profiles and corresponding aims may be briefly characterised as follows:
-the designers to evaluate the influence of their options in the final quality of housing; -the government and financing entities to define loan policies as a function of quality levels in order to promote the construction and acquisition of higher quality housing; -the promoters to adjust projects to consumer profiles; -local/municipal agencies to characterise the housing stock and/or to prioritise repair or refurbishment interventions; -the consumers to select a house.
The DSS integrates a problem editor, a data base management module, a set of multiple criteria decision aid methods and an adequate Human-computer interface aimed at minimizing the cognitive effort required from users.
In the DSS implementation, special attention was paid to: (i) the identification and structuring of the various evaluation aspects (attributes) which are at stake in these problems (construction costs, location, accessibility, environmental quality, design quality, construction quality, land value, etc.); (ii) the hierarchical classification of the attributes so that the evaluation can be performed at any level of the hierarchy; (iii) the selection of adequate multicriteria methods; (iv) support the inclusion of qualitative and quantitative information to assess the attribute scores, including the comparison with established standards (e.g. noise control, comfort dimensions, etc.); (v) the development of an user friendly interface. The integration of all these aspects, which may involve the use of large amounts of inter related alphanumeric and spatial data, was accomplished by using a relational data base management system (4D/ 4D Server) incorporating a programming language for model and interface development [15] . In this section the motivation and the main objectives of the study have been presented as well as the general framework of the problem, including a brief reference to other approaches for quality evaluation of buildings. In Section 2 the methodology and process of choice, and organization of the attributes to be used in a multicriteria approach for housing evaluation are described, with reference to several sources that have inspired the selection of such attribute structure. A DSS for housing evaluation is presented in Section 3, describing its components and functionalities and highlighting the potentialities of using multicriteria methodologies (in particular, those devoted to the classification of alternatives in pre-defined categories, such as ELECTRE TRI) in this type of problems.
Attributes to characterise the value of a property and their hierarchy
The problem of housing evaluation involves multiple attributes (many of them assessed through qualitative measurement forms), with different importance, that influence the value of a property, ranging from intrinsic aspects of the construction to environmental and location aspects.
Several sources were used in order to develop a coherent set of attributes, mainly methods for quality evaluation used in some European countries, such as Qualitel [2, 3] , SEL [27, 32] , HQI [16] , BATIMPACT for environmental quality assessment [7] , BEPACBuilding Environmental Performance Assessment Criteria [26] , BREEAM -Building Research Establishment Environmental Assessment Method [8] , Environmental Code of Practice of BSRIA [17] , and GBC '98 -Green Building Challenge 98 [13] .
Some econometric approaches are also used for this purpose, such as those using multiple linear regression analysis to assess a hedonic price function [1, 6, 9, 19, 20, 24] .
Given the number and complexity associated with the attributes to be used in multicriteria housing evaluation, the first problem to be solved was their organization in a convenient structure in order to:
-facilitate the communication, analysis and decision aid for the user; -turn adequate the resulting structure of attributes for the creation of a DSS using a relational Data Base Management System to store the data.
Therefore, in our analysis the aim was not only to identify the largest possible number of these attributes, but also to organise and classify them in a flexible structure of attributes hierarchy (see also [32] ), allowing to start from global high level categories (e.g., Housing Quality: Location and Environment attributes) and successively subdividing them into more specific attributes which may be quantified directly [14] . This structure can be represented in the form of a tree as the one shown in Fig. 1 .
Initially about 300 attributes were identified, which have been organised in a hierarchy of 6 levels (each level may be viewed as a consistent family of attributes). A further analysis led to the simplification of those that are more difficult to understand and/or quantify (mainly in the point of view of the common consumer). We finally obtained a set of 210 attributes that were organised in 6 levels as shown in Fig. 1 .
The highest level of the hierarchy (level 1) contains two categories: A -"Structural/Physical/Intrinsic" attributes, and B -"Location and Environment" attributes. Some methodologies already exist for establishing a hierarchy and quantifying the attributes in the category A, e.g. [14, 27, 32] . However, this is not the case for category B given the difficulties to understand how socio-economic factors operate in the different space scales, and how they contribute to the evaluation of real estate market [33] . Despite the fact "…that the most important factors in determining the value of an house are its location, location and location... and if there was to exist one fourth factor it would be location…" [33] , there are very few studies covering this topic. Using a structure with various levels, we intend to overcome most of the more common problems, since the consideration of multiple space scales of the urban environment (e.g.: lot, street, city block, region) is crucial to evaluate correctly the influence of location in housing value [28] .
An example of part of the hierarchy of criteria (level 4 depth) is presented in Fig. 1 and further described in Table 2 .
The decision support system
Due to the diversity and complexity of the attributes, their inter-relationships, and the volume of information involved, the system to be used in the analysis must be efficient, effective and easy to use. The linkage of Information Systems (IS) and formal decision support models whose attributes are structured in a hierarchical structure is a promising way to analyse housing markets.
To be effective an IS must organise information in a way that it is useful when extracted, facilitate the access to and the management of information, readily accommodate updates in data and analytical programs, and is easily understood by users in an operational perspective.
The definition and pursuit of these goals has been a fundamental cornerstone in the development of the system presented in this paper.
DSS architecture
The DSS developed in this work is aimed at providing decision aid in several functions: property value assessment, evaluation of its quality, and support consumer choice. It is composed of (Fig. 2 The interface allows the user not just to apply one of the available decision support methods, but also to edit or visualise the data stored in the database. The user can create, modify or eliminate attributes and evaluations, or even define which attributes he/she intends to inquire about. The user can also publish this information on a client/server environment and/or the Internet, in a fully automatic and transparent way (the development environment used -4th Dimension and 4D Serverenables to perform these operations directly).
Structure of the database management system
The relational database management system (RDBMS) used for the development of this work was 4th Dimension (4D) and 4D Server (www.4d.com). It includes a 4th generation programming language, which allows a full integration of data manipulation with models through graphical interfaces. 4th Dimension has its own programming language consisting of over 500 commands. The 4th Dimension language is made up of various components (data types, variables, operators, expressions, commands and methods) that help to perform tasks and manage the data. A method is a series of instructions that causes 4th Dimension to perform a task. Five types of methods can be distinguished: Object Methods, Form Methods, Table Methods/Triggers, Project methods, and Database methods [15] .
The 4th Dimension language is a simple yet powerful language when compared with traditional computer languages. Unlike in traditional languages, in which objects must be defined and pre-declared in formal syntactic terms, objects are created in a simple manner (for example, to use a button the user just needs to draw it on a form and name it) and 4th Dimension automatically manages the object (for example, automatically notifying the methods whenever the user clicks the button) [15] .
The system developed includes 119 database tables, 62 procedures specifically developed for this project (project methods) and 275 forms/subforms.
The main components of the RDBMS are:
-The database of attributes that contribute to characterise the value of a property, which can be edited by the user. However, different permissions for each profile of user were created to guarantee the integrity and coherence of the data. -The database of evaluations that contains a description of existing evaluations, and can provide parameters for future evaluations via statistical methods such as multiple regression. -The database of inquiries that contains the set of answers to the inquiries previously carried out. This enables, for instance, the construction of user profiles, including the importance assigned to the multiple evaluation attributes. -The database of available properties that contains the set of all available properties for evaluation and/ or selection. For instance, users searching for a house can apply filters according to his/her aims and preferences (prices, locations, number of rooms, need of urgent repairs, etc.).
In Fig. 3 a part of the entity/relationship model is presented.
The decision support methods
One of the main concerns in the design and development of this DSS has been offering the users a flexible and easy to use environment, yet powerful and technically sound, capable of providing them assistance to help understand and shape their options and preferences through interactive analysis and experimentation.
The component decision support methods offers a set of techniques that provide guidance and coherence to the decision adding process. These techniques (SAW/ TOPSIS and ELECTRE methods) can be broadly categorised as compensatory and non-compensatory, being also different regarding the preference information required from the DM and the type of output provided. Another difference concerns to the relative vs absolute judgment of alternatives, which is relevant in the context of our study. In the first case, alternatives are directly compared one to each other and the results are expressed using the comparative notions of "better" and "worse". In the second case, each alternative is considered independently from the others to determine its intrinsic value by means of comparisons to norms or references. In this case results are expressed using the absolute notions: "assign" or "not assign" to a category; "similar" or "not similar" to a reference profile; or "adequate" or "not adequate" to some norms [25] . This methodological feature is relevant in the context of our problem, since the assignment of houses to pre-defined classes is usually required in problems faced, for instance, by central/local government agencies and financing institutions.
TOPSIS [23, 34] is based on the idea that the best compromise alternative is the one that has the minimum distance to the ideal solution (i.e. a solution, usually not feasible, composed of the best possible values for the attributes) and the maximum distance to the anti-ideal solution (i.e. a solution, usually not real, composed of the worst possible values for the attributes). This method belongs to the group of complete aggregation methods that compute an aggregate performance for each alternative. Consequently, it provides a complete ranking of the alternatives based on those values of overall performance (Fig. 4) .
The interface allows the user to experiment with different values of the weights for the criteria and observe the respective effects on the house rankings obtained.
Both SAW and TOPSIS allow for compensation between criteria and are based on simple and intuitive principles, yet quite disputable ones mainly regarding the role of weights. However, in many situations (and especially when it concerns real estate), a very good performance in one criterion may not compensate a low score in another criterion. Other methods, such as the ELECTRE family, were developed to overcome this limitation.
ELECTRE methods rely upon the construction and the exploitation of the outranking relation in face of the problem to be tackled (selection, ranking or assignment). To say that "alternative a outranks alternative b" means that "a is at least as good as b". The main feature of ELECTRE methods, which is relevant in the context of our study, is their intrinsic non-compensatory nature. That is, a very bad performance on a given evaluation aspect (criterion) cannot be compensated by good scores on other criteria. Furthermore, ELECTRE methods accommodate in a natural way the imprecision and uncertainty inherent to Human decision processes by relying on the use of (indifference, preference and veto) thresholds. ELECTRE methods also allow for incomparability between alternatives whenever, with the available information, there is no clear evidence in favour of one of them (which is not the same as indifference between the alternatives). The validity of the assertion "alternative a outranks alternative b" is verified using the concordance (a majority of criteria supports it) and non-discordance (no criterion is strongly opposed to it) principles. Weights in the framework of ELECTRE methods do not depend on the nature of the criterion scales. Therefore, these weights possess the true meaning of relative importance given to the distinct criteria. In this way, weights in the framework of ELECTRE are different of weights used in SAW and TOPSIS, which in these cases can be interpreted as rates of transformation into a common utility/value unit.
ELECTRE I (and its variants Is and Iv) is devoted to the selection problem. ELECTRE TRI is dedicated to the assignment problem, where the aim is to assign each alternative to one of a pre-defined set of (ordered) categories or classes. For the definition of the limits of these classes, standard or reference actions that the user can select within the information system may be used. Other important characteristic of ELECTRE TRI, for the analysis of this kind of problems, is that it comprises the concept of pseudocriterion. In the case of a real-criterion, action a and b are indifferent according to this criterion only if their performance is equal. In the case of a pseudocriterion, indifference is extended to a zone where the difference between a and b is below a given threshold, while between the zone of indifference and the zone of strict preference there is a zone of weak preference, which indicates a hesitation between indifference and strict preference.
The user can interact with the DSS in several phases of the decision process. In a first phase he/she can filter and select, from the available properties in the system, those that according to some characteristics fit in his/her preferences (for instance, he/she is interested in houses with more than two rooms or houses located in the north part of the city only, or any logical combination of this type of preliminary conditions). The technical parameters required by the methods, such as weights or the thresholds of indifference, preference and veto in ELECTRE (Fig. 5) , are freely defined by the user, thus giving him/her full control of the decision process. Fig. 6 displays the outranking relationships generated by ELECTRE I method on a set of alternatives (houses 28 and 34 would be the best choices). In the framework of ELECTRE TRI, the DSS classifies the selected alternatives according to the type of assignment, pessimistic or optimistic, depending the degree of exigency of the DM (Fig. 7) . The DSS also allows the DM to perform a sensitivity analysis to identify the influence of variations of the threshold values in the outranking results. This possibility makes ELECTRE methods, in the operational framework of this DSS, more adequate since in this manner the common attitude of DMs, which is usually characterised by a gradual transition from the indifference to the preference state, can be better captured. Furthermore, Fig. 6 . ELECTRE results -representation of outranking relationship. the introduction of thresholds provides a technically sound way to deal with the uncertainties stemming from different sources (not just regarding preferences, but also lack of data precision).
ELECTRE TRI is particularly adequate for the qualification of housing alternatives, allowing to define reference properties (for example, according to consumer profile) and to group/classify them in classes.
The DSS enables the results to be visualised on a map (Fig. 8) , where the houses under evaluation appear duly located, with colours that represent the respective classifications. This feature is useful for a municipal agency to do a housing quality map for planning purposes, for instance for prioritising intervention (as a owner, which is often the case in Portugal, or enforcing owners to do so in the framework of historical centres rehabilitation plans; see [5] ).
Conclusions
Housing evaluation involves the analytical and systemic determination of all the factors influencing the value of a property, supported in clear principles and using welldefined criteria. The process of evaluation should be scientifically sound, and its adequate application depends not just on the quality and amount of the information gathered but also on the features offered to the user. The integrated information/decision support system presented in this paper is aimed at offering the users (consumers, government or municipal, agencies, promoters, etc.) a flexible and user-friendly environment based on formal multiple criteria methodologies to assist them in keeping and structuring information, obtaining historical and statistical analysis, and providing decision aid by enabling to rationalise the comparisons among non-dominated alternatives in construction and housing evaluation, both for experts and consumers with no technical knowledge.
The visualisation on a map of available houses stored in the database, assisting the user to locate the property in its actual environment, and the possibility of automatic representation of characteristic dependent maps (value maps, quality maps, etc.), provides a value-added for the analysis and the perception of the spatial variation of qualitative and/or quantitative indicators [11] . 
